As part of an investigation of tuna meal as a protein source for chicks, various fractions of raw and cooked tuna were allowed to spoil, were freeze-dried, and fed to young chicks (Grau et al., 1956) . It was found that tuna muscle (loin) that was cooked and then spoiled was toxic to chicks when fed at 30 per cent of the diet; whereas spoiled, uncooked muscle did not produce toxicity. This toxicity was manifested by rapid loss of weight and occasional deaths. The toxic meals were not improved by autoclaving. Supplementing the diet with chlortetracycline was also ineffective. Later studies (unpublished) indicated that the toxicity could be removed by water extraction following acetone extraction.
Suzuki in 1912 was the first to describe the presence of histamine in tuna extracts. Geiger et al. (1944) demonstrated that the histamine content of tuna is low, but that it increases post mortem as a result of bacterial action. Geiger (1948) also showed that peptides containing histidine and free carboxyl groups are not decarboxylated by bacteria, and that histamine is produced only from histidine. The presence of histamine in spoiled tuna has been implicated as the Davis, California. cause of human poisonings (for example, Van Veen and Latuasan, 1950; Legroux et al., 1947; Halstead, 1954;  cf. review by Shewan and Liston, 1955) . However, these investigators did not determine whether histamine alone was responsible for the toxicity or whether there was a synergistic effect of histamine and other compounds present in the spoiled fish. Geiger (1955) on the basis of feeding experiments of spoiled tuna and histamine solutions to guinea pigs, dogs, cats, and rats concluded that it was unlikely that histamine present in spoiled fish was the cause of fish poisoning. Shewan (1955) reported the presence of about 0.5 per cent of histidine in pelagic species in contrast to the very small amounts present in the gadoid and flat fish. Lukton and Olcott (personal communication) found up to 1.0 per cent of free histidine in samples of tuna studied. During spoilage the histidine can be decarboxylated to form histamine (Oishi, 1953; Shimizu and Hibiki, 1954a, b; and Hayashi, 1955) . The decarboxylation of histidine can be catalyzed either by tissue enzymes or by bacterial flora present on the fish (Kimata and Tanaka, 1954a, b) . The number of bacteria that contain histidine decarboxylase is quite large, that is, species of Streptoccocus, Salmonella, Eberthella, Shigelta, Lactobacillus and Escherichia coli, SHIFRINE, OUSTERHOUT, GRAl, AND V'AUGHN Aerobacter aerogenes, Clostridium welchii, and Achromobacter histaminrus (Koessler and Hanke, 1919; Hanke and Koessler, 1922; Eggerth, 1939; Epps, 1945; Gale, 1946; Oliver, 1953; and Rodwell, 1953) . Only the last mentioned species has been isolated from fish. However, many of the bacteria mentioned are common contaminants in canneries. Thus, the contamination of tuna could result in the spoilage of the tuna with the concomitant production of histamine.
The amount of free histidine and consequently histamine in the tuna can be increased by the hydrolysis of carnosine by certain bacteria (Nash, 1952 (Grau and Williams, 1955) , or added at the 20 per cent level to a complete diet, that is, commercial chick starter. Meals prepared from tuna loin were added at the 20 per cent level to a complete diet. It was found expedient to incorporate the tuna meals in a complete diet and thus eliminate the possibility of effects due to dietary deficiencies.
Each fish meal was fed to 12 twelve-day-old White Leghorn chicks (approximate weight, 75 to 90 g), rhich had been fed a commercial chick starter for the first 12 days after hatching. The chicks were kept 4 per cage (2 males and 2 females) in a room held at 29 C. Each chick was weighed daily at noon for a period of 7 days at which time they were sacrificed.
Bacterial counts of the tuna were made on plates and anaerobic counts in shake tubes sealed with vaspar. The media used were Eosinmethylene blue agar (Difco) and Eugon agar (Difco), respectively. Ten-g samples were suspended in 90 ml of saline, 10 g of glass beads (2 mm diameter) were added, and an Erlenmeyer flask was placed on a rotary shaker,3 50 rpm for 15 min. Appropriate dilutions were made, and 1 ml of the suspension was placed per tube and 0.1 ml per plate, which then were incubated at 37 C.
Histidine and histamine were extracted from the fresh loins and tuna me,ls by the following procedure: Into a 125-ml Erlenmeyer flask were placed 5 g of sample, 5 g of glass beads as above, and 25 ml of distilled water. The flask was placed on a rotary shaker for 15 min as above. The suspension then was filtered, washed with 2 aliquots of 10 ml of distilled wate-, aind the filtrate evaporated to dryness over a steam bath. The dried material was resuspended in 4 ml of distilled water and aliquots of 0.0025 ml were used for assaying for histamine and histidine by paper chromatography. When the tuna meal was assayed for free histidine, 1 g of the meal was suspended in 5 ml of distilled water and the flasks shaken for 15 min. Aliquots of 0.0025 ml were chromatographed without dilution.
Study of histidine decarboxylase activity was performed with mixed cultures recovered from spoiled tuna loins. One g of the spoiled muscle was placed in an Erlenmeyer flask with 1 g of glass beads and 100 ml of sterile water. The flask then was placed on a rotary shaker for 15 min. Five ml of this suspensioin were inoculated into 250 ml of sterile medium (1 per cent each of glucose, Bacto-Tryptone and yeast extract, and 0.05 per cent sodium thioglycolate). The flask was sealed with a vaspar plug and incubated at 37 C for 20 hr. Cells were recovered by centrifugation, washed 3 times with distilled water, and acetone powders were prepared following the procedure of Epps (1945) . Activity of histidine decarboxylase was determined in a Warburg vessel at pH 5.0 and 30 C.
The known chemical and biological methods for the determination of histamine (cf. Code and McIntire, 1954) are cumbersome and time consuming. It was desired to develop a simple method that would permit the assay of a large number of samples in a short period of time. The applicability of paper chromatography seemed profitable.
Conventional circular paper chromatography was used with Pyrex pie dishes 28 cm in diameter. Whatman filter paper (no. 4) was employed and the solvent fed through the center with a filter paper wick. The (Mann and Leone, 1953) . Histamine, histidine, imidazole acetic acid, and N-acetyl histamine showed orange-red spots after application of the spray. By the use of this specific spray for imidazoles it was possible to dispense with a purification step to eliminate peptides and proteins since they did not interfere with the identification of histidine and histamine.
The extracts to be chromatographed were adjusted to contain from 2 to 15 ,g of histamine per spot; standaids containing 3, 6, and 9 or 5, 10, and 15 ,ug per spot were used concurrently. It was thus possible to estimate the amount of histamine present.
Next When chicks were fed meals no. 4, 5, 6, and 7, which contain very little or no histamine, they grew at a higher rate than those fed on unspoiled tuna. Possibly, the microorganisms present in the spoiled fish supply the chicks nutrients not present in the tuna or else enhance the concentration of the present nutrients. How-ever, samples 1, 2, and 3 of the spoiled loins containing 0.12, 0.16, and 0.4 per cent histamine, respectively, had a marked effect on the chicks (figure 1). As shown in figure 1 , the reduction in rate of growth To find whether pure histamine5 has the same effect as exhibited by spoiled tuna, different amounts of histamine were dissolved in a phosphate buffer at pH 7.3 and then mixed with the chick starter and fed to a group of 12 chicks. Figure 2 illustrates the results obtained. Although all diets depressed the growth rate and the total growth, only chicks on diets containing 0.5 and 1.0 per cent of histamine lost weight for a few days. It is of interest to note that these chicks were "adapted" to histamine after the first day and resumed growth at approximately the same rate as the control chicks.
The similarity between the growth curves of chicks fed on spoiled tuna and histamine, respectively, indicates that the histamine in the tuna is the cause of the depression in growth.
The origin of the histamine in the spoiled tuna is the free histidine present in high concentration in the loins (Geiger et al., 1944) . This was confirmed by chromatographing the tuna before, during, and after spoilage. Chromatographs of fresh tuna exhibited histidine only, whereas spoiled tuna showed both histidine and histamine. In sample no. 2, it was observed that histamine appeared in small amounts on the second day of incubation. By the third day most of the histidine had disappeared, and the amount of histamine present was 2.0 per cent (on the dry weight basis). The same pattern was observed in samples 1 Days Figure 1 . Influence of tuna meals, containing histamine, on growing chicks. and 3 but at a slower rate (figure 3). The conversion of histidine is not complete since many spots appear on the chromatogram, after spraying with diazotized sulfanilic acid, which correspond neither to histidine nor to histamine. These are probably oxidation products of histidine and histamine. The activity of histidine decarboxylase of the mixed cultures present in the spoiled tuna was determined and had a Qco2 value of 34.2. This is comparable to values reported by Gale (1946) , for example, 33 and 28 for E. coli and C. welchii, respectively.
The nature of the "adaptation" of the chicks to histamine was further studied. Histamine was fed to chicks at levels of 0.5 per cent in chick starter. Feces from these birds were collected after 4, 10, 16, 22, 46, and 70 hr. The feces were suspended in equal volumes of water, placed on a shaker for 30 min, and then placed in a refrigerator for 1 hr. The suspensions were evTaporated to dryness over a steam bath and brought with distilled water to a volume of 1 ml. The samples wvere centrifuged in an International6 clinical centrifuge at maximum speed for 10 min and the supernatants were chromatographed. Reference solutions containillg histamine dihydrochloride, imidazole acetic acid, and N-acetyl histamine7 were chromatographed concurrently.
It was found that after 4 hr the feces already contained N-acetyl histamine which wi-as not present normally in the feces. Histamine was present in feces collected after 4, 10, and 16 hr, but was not present in later samples except in small quantities. Imidazole I International Equipment Company, Boston, MIassachusetts. I Imidazole acetic acid and N-acetyl histamine were kindly supplied by Dr. H. Tabor. acetic acid appeared in the fecal samples of all chicks fed histamine. Of the above three compounds, N-acetyl histamine appears to be in the highest concentrationi. Thus, it seems that orally fed histamine is both oxidatively deaminated to form imidazole acetic acid and conjugated to form N-acetyl histamine. The decrease of histamine in the feces coincides with the resumption of normal growth as shown in figure 2. The pattern of detoxification of histamine by the chicks is similar to that of certain mammals investigated by Mlillican et al. (1949) , who found that the most important metabolic pathway of histamine appeared to be oxidative deamination by histaminase to imidazole acid (cf. Tabor, 1954) . Our preliminarv studies indicate the principal pathway to be the acetylation of histamine. Studies currently are being conducted on the quantitative determination of histamine, imidazole acetic acid, and N-acetyl histamine in the feces of histamine fed chicks.
DIscussION
It appears that tuna meals can be toxic to chicks if a high enough concentration of histamine is present. There are two requirements for the production of histamine: (a) a high concentration of histidine must be present in the original material and (b) the tuna has to be incubated for at least 3 to 4 days. The current practice of the tuna inidustry normally excludes the above requirements.
Only scraps of tuna.l with little loin are used usually for the production of meals. Thus, the amount of histidine present is negligible. However, on the occasion when the fish are spoiled prior to unloading of the ship, they are used for production of meal, thus increasing the amount of histidine present. When such a material is precooked and allowed to incubate for 3 to 4 days, the histidine present may be decarboxylated to histamine rendering the sample toxic. The fact that such a conversion usually is not accompanied by offensive smells hinders in detecting this type of spoilage.
If sanitary measures are followed in the tuna cannieries with routine checks for histamine in the meals, the toxicity of histamine in meals will be of no practical importance.
A rapid chromatographic procedure for the estimation of histamine was described, which will enable the determination of a large number of samples in a short period of time at little cost. This then affords an easy means of checking tuna meals prior to their shipment out of the plant. Since fish meals are normally fed at near the 5 per cent level in chicken diets, it is unlikely that a toxicity would be noticed even if a toxic meal was used in the feed industry since much higher levels would need to be fed before symptoms appeared. . ; i . Diets containing tuna meals with high levels of histamine depress the rate of growth and the total growth of chicks. A rapid chromatographic method was used to determine the amounts of histamine present in spoiled tuna meals.
